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a1,2-MANNOSIDASE AND THERAPEUTICAL USES THEREOF 

BACKGROUND OF THE INVENTION 

(a^ Field of the Invention 

The invention relates to a novel a1,2-mannosidase and its 
therapeutical uses thereof in the treatment of genetic diseases, 
(b) Description of Prior Art 

a1 ,2-Mannosidases are essential for hybrid and complex 
glycan biosynthesis in mammalian cells (Herscovics, 1999). Following the 
removal of the glucose residues from the GICaMangGlcNACs precursor 
structure attached to nascent glycoproteins, ER and Golgi a1,2- 
mannosidases catalyse the trimming of the four a1,2-linked mannose 
residues. The subsequent action of GlcNAc transferase I initiates complex 
chain formation and yields the substrate for Golgi a-mannosldase II which 
trims the terminal a 1,3- and a1,6-mannose residues. In some tissues a 
distinct a-mannosidase trims MangGlcNAca to ManaGlcNACa prior to the 
action of GlcNAc transferase I. Thereafter the N-glycan structure is further 
elaborated by Golgi glycosyltransferases. 

a-Mannosidases have been classified into two groups based on 
amino acid sequence homology and on biochemical properties. Class I a- 
mannosidases specifically hydrolyze a1,2-linl^ed mannose residues, and 
do not cleave substrates such as p-nitrophenyl-a-D-mannopyranoside. 
They require calcium for activity and are inhibited by 1- 
deoxymannojirimycin and kifunensine, but not by swainsonine. In contrast, 
Class II a-mannosidases can cleave a1,2-, a1,3- and a1,6-linked 
mannose residues as well as p-nitrophenyl-a-D-mannopyranoside and are 
inhibited by swainsonine, but not by 1-deoxymannojirimycin. 

Although several mammalian al,2-mannosidases that can 
remove up to four al^-mannose residues have been purified and cloned, 
there is significant biochemical evidence for the existence of highly 
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specific mammalian enzymes that trim MangGlcNACj to MansGlcNACs 
isomer B. the fomi lacking the middle-ami temiinal a1,2-mannose, but 
mammalian enzymes with this spedficity have not yet been purified or 
cloned. A mammalian ER a1 ,2-mannosidase that forms ManaGlcNACs 
5 isomer B and is not sensitive to 1-deoxymannojirimycin was described In 
intact UT-1 cells and in rat hepatocytes whereas distinct 1- 
deoxymannojirimycin-sensitive a1 ,2-mannosidase activity that processes 
MangGlcNACs to ManaGlcNAps isomer B was observed in the ER of intact 
COS cells and in ER and in Golgi rat liver membrane preparations. Up to 
10 now the yeast ER processing a1 >2Hfnannosidase is the only enzyme 
purified (Jelinek-Kelly and Herscovics, 1988) and cloned (Camirand ef a/., 
P 1991 ) that specifically trims Man^GlcNACa to Man^GlcNACz isomer B. 

It would be highly desirable to be provided with the isolation, 
fj expression, and properties of a novel -human cDNA encoding a Class I 

!'j 16 a1 ,2-mannosidase that specifically converte ManoGlcNAc to MansGlcNAc 
isomer B. 

h 

SUMMARY OF THE INVENTION 

One aim of the present invention is to provide the isolation, 
' 3 20 expression, and properties of a novel human cDNA encoding a Class I 
a1 ,2-mannosidase that specifically converts MangGlcNAc to MangGIcNAc 
isomer B. 

In accordance with the present invention there is provided a 
human a1 ,2-mannosidase enzyme for specifically converting ManaGlcNAc 
25 to MansGlcNAc isomer B in degradation mechanism of misfolded proteins, 
wherein the enzyme has the characteristics of an enzyme encoded by a 
cDNA sequence set forth in Fig. 1 . 

In accordance with the present invention there is also provided 
the tools to develop specific agonist or antagonist of this particular a1,2- 
30 mannosidase that would not affect the other mannosidases. 

The agonist or antagonist may provide for activating or inhibiting 
for a transient period of time. For example, such an antagonist may be 
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inhibiting the enzyme for a transient period of time, meanwhile preventing 
misfolded glycoproteins from being degraded. 

In accordance with the present invention there is also provided 
the potential for a method for the treatment of genetic diseases causing 
5 misfolding of proteins In a patient, which comprises administering an 
antagonist of a1,2-mannosidase enzyme for transiently inhibiting the 
enzyme, thereby prevent misfolded glycoproteins from degradation. 

For example, such a genetic disease includes, without limitation, 
cystic fibrosis, emphysema, among others. 
10 The misfolded protein for cystic fibrosis is, for example, cystic 

fibrosis transmembrane conductance regulator (CFTR) (Ward et aL, 
1995). 

The misfolded protein for emphysema Is, for example, alphal 
antitrypsin. 

15 For the purpose of the present invention the following 

abbreviations are defined below. 

ER endoplasmic reticulum; 

RT reverse transcriptase; 

ORF open reading frame; 
20 RACE rapid amplification of cDNA ends; 

GSP gene specific primer; 

YPD yeast peptone dextrose; 

BMGY buffered glycerol-complex; 

BMMY buffered methanol complex; 
25 HPLC high perfomiance liquid chromatography. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the nucleotide and deduced amino acid 
sequence of the human a1 ,2-mannosidase cDNA; 
30 Fig. 2 illustrates Northern blot analysis of human a1 ,2- 

mannosidase expression; 

Fig. 3 illustrates the expression of the recombinant a1 ,2- 
mannosidase in P. pastoris; 



Fig. 4 illustrates the time course human a1,2-mannosidase 
activity; and 

Fig. 5 illustrates the pHl-NMR spectrum identifying the 
ManaGlcNAc isomer produced by the human a1 »2-mannosidase. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance v\^h the present invention, there is provided the 
isolation of a novel human cDNA encoding a type II membrane protein of 
79.5 kOa with amino acid sequence similarity to Class I a1,2- 
mannosidases. The catalytic domain of the enzyme was expressed as a 
secreted protein in Pichia pastoris. The recombinant enzyme removes a 
single mannose residue from MangGlcNAc and pH]-NMR analysis 
indicates that the only product is MangGlcNAc isomer B, the form lacking 
the middle-arm terminal a1 ,2-mannose. Calcium is required for enzyme 
activity and both 1-deoxymannojirimycin and kifunensine inhibit the human 
a1 ,2-mannosidase. The properties and specificity of this human a1,2- 
mannosidase are identical to the endoplasmic reticulum a1,2- 
mannosidase from Saccharomyces cerevis/ae and differ from those of 
previously cloned mammalian (mouse and human) Golgi a1,2- 
mannosidases that remove up to four mannose residues from 
MangGlcNACz during W-glycan maturation. Northem blot analysis showed 
that all human tissues examined express variable amounts of a 3 kb 
transcript. This highly specific a1 ,2-mannosidase is likely to be Involved in 
glycoprotein quality control since there is increasing evidence that 
trimming of MangGlcNACj to MangGlcNAcg isomer B in yeast and 
mammalian cells is important to target misfolded glycoproteins for 
degradation. Furthermore, it has been shown that inhibition of this enzyme 
activity prevents the degradation of improperiy folded mutant alphal- 
antitrypsin characteristic of emphysema. 
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Materials 

Oligonucleotides were synthesized by BioCorp (Montreal, 
Canada), MangGlcNAc was prepared from soya bean agglutinin and 
pH]mannose-labeled Man^GlcNAc from rat liver as described previously 
5 (Jelinek-Kelly et al., 1985; Bhattacharyya et al,, 1988), ManaGlcNAc 
isomer B substrate was prepared by digestion of Man^GlcNAc with the 
yeast a1 ,2-niannosidase. 1-deoxymannojirimycin, kifunensine and 
swainsonine were obtained from Toronto Research Chemicals, Inc. 
(Downsview, Canada). All other chemicals were reagent grade. 

10 

Isolation of a novel human a1,2-mannosldase cDNA 

The NCBI dbEST database was searched with the yeast a1,2- 
mannosidase amino acid sequence (Camirand et sL, 1991) using the 
tBLASTn algorithm to identify novel a1 ,2-mannosidases. Retrieved ESTs 

15 were aligned using the DNASTAR SeqMan program (Madison, Wl) and 
EST clones AA631254. R16652 and H46222 encoding the 3' region of the 
ORF were obtained from Genome Systems Inc. and sequenced. The 
following nested primers were designed based on the consensus 
sequence. 5'-CCACAGACCCAGCAAGGTGCC-3' and 5'- 

20 CTAGGCAGGGGTCCAGATAGG-3\ and used to amplify clones 
containing additional 5' sequence from human placenta Marathon Ready 
cDNA (CLONTECH) according to the recommended protocol. A 5 nl 
aliquot the PCR reactions was subcloned into pCRII using the original TA 
cloning kit (Invitrogen) and clones encoding a1 ,2-mannosidase were 

25 identified by hybridization of colony lifts with gene specific ^P-labeled 
oligonucleotide probes. The longest clones (2.1 kb) were sequenced. 

Thereafter the Gibco 5' RACE System (Version 2) was used to 
isolate additional 5' sequence. First strand. cDNA was synthesized from 
2.5 fig of placenta, testis, and liver total RNA (CLONTECH) at SS'^C using 

30 ThermoScript RT (Gibco) and a gene specific primer (GSP1 5'- 
GGGCACTTCTGCTCTTCTTGAAG-3') located within the 5' region of the 



placenta cDNA dones. Nested 5' RACE amplicons were then generated 
using gene specific primers (GSP2 5-ATGACTGTCCTCTGCGGATCTC- 
3', and GSP3.1 5'-TGTCTTCTGTGACGAAATCTC-3' or GSP3.2 5'- 
CAGAGCTTTCCAATGGTCAGC-3' or GSP3.3 5 -TCATAGCTCTCGCCA 
AAGCTCAGC-3') and Platinum Taq (Gibco) according to the 
recommended protocol. The amplicons were subdoned into pCR2.1 
(Invitrogen), identified by hybridization of colony lifts with gene specific ^P- 
labeled oligonucleotide probes, and sequenced. In addition. Genome 
Systems isolated three fetal brain a1,2-mannosidase cDNA clones (2.7 
kb) by a PGR and hybridization cDNA library screen using primers located 
within the 5' ORF (5'-ATCGGGACTTCACCTCGGTG-3* and 5'-CAGAGC 
TTTCCAATGGTCAGC-3'). 

Northern blot analysis 

The human a1 ,2-mannosidase EST R16652 was labeled with 
[a-^P]dCTP (3000 Ci/mmol) using the multiprime DNA labeling kit 
(Amersham). The probe was hybridized to human multiple tissue Northern 
blots (CLONTECH) according to the recommended protocol and exposed 
to x-ray film for 5 days (Kodak). 

Expression of the catalytic domain in Pichia pastoris 

The DNA sequence encoding the soluble catalytic domain of the 
a1,2-mannosidase was amplified from a cDNA clone by PGR using the 
sense oligonucleotide 5— AAAGAATTCCAGATTAGAGCCCGAAGCCA 
AG-3' containing an EcoRI site and the antisense primer SHMSTOP 5 - 
AAATCTAGACTAGGCAGGGGTCCAGATAGG-3' containing the stop 
codon followed by an Xbal site. Expression vector pZaASHM169 was 
constructed by ligation of the amplicon into the EcoRI/Xbal sites of 
pPICZa A (Invitrogen) in frame with the a-factor secretion signal. Similariy, 
shorter untagged (p2aASHM240) and tagged (pZaASHM240T) 
expression constructs were prepared using sense primer 5-AAAGA 



£0IICCAGGGCACACCAGTGCATCTG-3* and antisense primers 
SHMSTOP. and SHMR 5'AA ATCTAGA GCAGGGGTCCAGATAGGCAG-3' 
respectively. Primer SHMR lacks a temnination codon thus the C-terminal 
of the recombinant enzyme was fused to the (Hls)6 and IVIyc tags encoded 
by pPICZa A. 

Pichia pastoris strain GS1 15 {his4) (Invitrogen) was transformed 
by electroporation with 10 ng of the expression constructs linearized with 
Pmel. Transformants were grown and assayed for a1 ,2-mannosidase 
activity as descrit>ed previously. 

a-Mannosidase Assays 

To characterize the recombinant a1,2-mannosidase, medium 
containing the enzyme was concentrated 7.5 fold using centrifugal filters 
(Millipore) and equilibrated in 40 mM PIPES pH 6.5. Two microlitres of the 
concentrated medium was incubated with pH]mannose-labeled 
MangGlcNAc at 37°C and the amount of released pH]mannose was 
determined by the Con A/PEG precipitation method. 

Divalent cation requirements were studied by Including 0.05 mM 
EDTA in duplicate assays in the absence or presence of 2 mM CaClj, 
ZnClz, MnClz, MgCIs, and C0CI2. The enzyme was incubated for 2 hours 
with 5000 cpm of pHlMangGlcNAc in 40 mM PIPES pH 6.5, 1 mg/ml BSA. 
and 1 mM NaNg. 

The Km was determined by Lineweaver-Burk analysis. 
Duplicate 30 min assays contained MangGlcNAc substrate (0.05-0.5 mM), 
5000 cpm of pHlMansGlcNAc, 1 mM CaCla. 40 mM PIPES pH 6.5. 1 
mg/ml BSA, and 1 mM NaNg. 

The effects of the Class I a-mannosidase inhibitors 1- 
deoxymannojirimycin and kifunensine, and the Class II a-mannosldase 
inhibitor swainsonine were investigated by preincubating the enzyme on 
ice for 30 min with the inhibitor in 40 mM PIPES pH 6.5, 1 mM CaClj . 1 
mg/ml BSA , and 1 mM NaNg. Substrate (0.8 mM MangGlcNAc and 20,000 
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cpm of t^HlMansGlcNAc) was then added to the duplicate assays and the 
mixtures were incubated at 37°C for 1 hour. 

The time dependent fonnation of products was analyzed by 
assaying the recombinant enzyme at SZ^'C in a 30 ^,1 mixture containing 
5 3.4 mM ManQGIcNAc, 30,000 cpm pHlMangGlcNAc, 44 mM potassium 
phosphate pH 6.5, 1 mg/ml BSA, 1 mM NaNg and 12 ^1 of unconcentrated 
medium. At 0, 1, 2, 4, 8, and 19.5 h one-sixth of the reaction mixture was 
collected. The products were resolved by HPLC, and identified by 
comparing their elution to that of the f^ClGICsMangGlcNAc internal 
10 standard, as described previously. 

High Resolution fHl-NIMR Analysis 

P Medium containing the human a1,2-mannosidase was 

incubated at ST^'C with 600 ^g MangGlcNAc and 10^ cpm pHlMansGlcNAc 
I, J 15 in 44 mM potassium phosphate buffer pH 6.5 containing 1 mg/ml BSA and 



1 mM NaNa. The incubation was supplemented with additional enzyme 
after 8 and 22.5 h, and terminated after 28.5 h by boiling for 3 min. An 



i;i aliquot of the sample was analyzed by HPLC to show that most of the 

r I 

II sample was transformed to ManeGlcNAc. The sample was then 

^3 20 chromatographed on a Bio-Gel P-6 column (1 X 109 cm) equilibrated in 



deionized water. Fractions containing the oligosaccharide product were 
pooled, lyophilized, resuspended in D2O and lyophilized four times, and 
stored over P2O5 in a vacuum desiccator. The f H]-NMR spectra were 
recorded at Universite de Montreal NMR Facility in 5 mm tubes using a 
25 600 MHz Bruker spectrometer at 30 and 70°C with the acetone chemical 
shift set to 2.225 ppm with respect to 4,4-dimethyl-4-silapentane sulfonate. 

Poiyacrylamide gel electrophoresis Western blotting 

SDS-PAGE was performed using the Bio-Rad Mini-Protean 11 
30 apparatus as described by Laemmli. Western blots were prepared by 
transferring proteins onto a nitrocellulose membrane (Schleicher and 



-9- 

Schuell), and expression of the Myo-tagged recombinant a1,2- 
mannosidase was detected using the monoclonal Anti-myc Antibody 
(Invitrogen) and visualized by the ECL Western blotting detection system 
(Amersham). 

5 

DNA Sequencing and Alignments 

Manual sequencing was perfomied using the Pharmacia T7 and 
Deaza sequencing kits. The Sheldon Biotechnology Centre Automated 
Sequencing Facility (McGill University, Montr6al. Canada) employed the 
10 ABI prism dye temiinator and thermo sequenase fluorescent labeled 
primer cycle sequencing kits and the samples were run on the ABI 373A 
(Perkin Elmer) and ALFexpress (Amersham Phanmada Biotech) 
□ sequencers respectively. The DNASTAR SeqMan program (Madison, Wl) 

„^ was used to assemble the sequences into contigs. The deduced amino 

1*^ 15 acid sequences were aligned using the BestFft and Publish programs 
O (Version 9.1) from the University of Wisconsin Genetics Computer Group 

... (Madison, Wl). 

□ 



Isolation and characterization of a novel human a1,2-mannosidase 
20 cDNA 

Iji A novel human a1 ,2-mannosidase was Identified by searching 

the EST database with the yeast a1 ,2-mannosidase amino acid sequence 
(Camlrand et al., 1991). The consensus sequence of the identified 
overlapping clones encodes the terminal 50 amino acids of the catalytic 
25 domain including two of the most highly conserved Class I a-mannosidase 
sequence motife followed by 589 bp of 3' UTR temriinating In a poly A tall. 
Clones encoding the complete ORF (2.1 kb) and 5' UTR were then 
isolated by nested 5' RACE from human placenta, liver and testis cDNAs, 
as described in materials and methods. In addition an independent 2.7 kb 
30 clone containing the ORF flanked by 50 bp of 5* UTR and 589 bp of 3' 
UTR terminating with a polyA tail was isolated from a human fetal brain 
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cDNA library. The sequence of the cDNAs obtained from the different 
sources were identical. 

The 2.7 kb cDNA is predicted to encode a 79.5 kDa type II 
membrane protein with an 85 amino acid cytoplasmic tail, followed by a 
putative transmembrane domain of about 17 residues, a "stem" region of 
about 137 amino acids not required for enzyme activity and a large C- 
terminal catalytic domain (amino acids 240-699) (Fig. 1). The 5' UTR and 
ORF sequence were obtained from human placenta, testis and liver cDNA 
clones amplified by RACE, and a fetal brain cDNA library clone. The 3' 
UTR sequence is the consensus of an alignment of EST clones. Bold 
numbers refer to the deduced amino acid sequence and the numbers in 
normal type refer to the nucleotide sequence. The conserved Class 1 a- 
mannosidase sequence motifs are underlined, and the highly consen/ed 
invariant acidic amino acid residues as well as the conserved cysteines 
common to all class I a-mannosidases are boxed in grey. The putative 
transmembrane domain sequence is indicated in bold and underlined. 
Arrows indicate the starting amino acid residues of the different forms of 
the recombinant enzyme expressed in Ptchia pastoris. 

The cytoplasmic tail is much longer than any of the type II 
membrane-bound glycosidases or glycosyltransferases described so far, 
and contains a proline rich domain. The catalytic domain of this novel 
a1 ,2-mannosidase contains the highly conserved sequence motifs 
characteristic of Class I a-mannosidases as well as the highly conserved 
disulfide bonded cysteines and acidic amino acid residues that are 
essential for enzymatic activity. The catalytic domain of the human a1 ,2- 
mannosidase is 43% identical (54% similar) to the yeast a1 ,2- 
mannosidase (Camirand et aL, 1991), and 40% identical (54% similar) to 
human and murine a1 ,2-mannosidase lA and IB. There is no significant 
similarity between the N-terminal sequence of this novel a1 ,2- 
mannosidase and previously cloned members of the same family. 



Northern blot analysis indicates that all tissues examined 
expressed variable levels of a 3 kb transcript (Fig. 2). Random labeled 
a1,2-mannosldase EST clone R16652 was hybridized to Northern blots 
containing 2 jxg of poly (A*) RNA from human tissue. The blots were 
exposed to film to x-ray film for 5 days. 

The expression is particularly high in testis and relatively low in 
lung and muscle. The gene encoding this novel a1,2-mannosidase is 
localized on chromosome 9 since a clone (T12605) Isolated from a human 
chromosome 9 cosmid library contains exonic sequence identical to the 
cDNA sequence (nucleotides 731-916). 

Expression of recombinant a1 ,2-mannosidase In PIchIa pastorls 

The a1 ,2-mannosidase was expressed as a secreted protein in 
P.pastoris in order to characterize its enzymatic activity. The catalytic 
domain starting at either amino acid 169 or 240 was cloned in frame 
downstream from the a-factor of the P.pastoris expression vector pPICZa 
A. Following methanol induction of yeast transfomned with expression 
constructs pZcxASHM169, pZaASHM240 or pZaASHM240T similar levels 
of a1,2-mannosidase activity were detected in the medium, and absent in 
yeast transformed with the pPICZa A vector. Recombinant a1 ,2- 
mannosidase of the expected size (55 kDa) was observed by Western blot 
analysis at 2-3 days post-induction and decreased thereafter (Fig. 3). Ten 
microlitres of medium was subjected to reducing SDS-PAGE (10%) and 
the recombinant Myc tagged a1 ,2-mannosidase was visualized by 
Westem blot analysis. Lanes 1-4 correspond to GS115 transformed with 
pZaASHM240T at 2, 3, 4, and 5 days post-induction, respectively. Lane 5 
conresponds to GS115 transformed with vector at 5 days post-induction. 
Molecular mass standards are indicated on the right. 
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Pr perties of the human a1,2-mannosiclas 

The catalytic properties of the recombinant a1 ,2-mannosidase 
were studied using [^HJISIandGlcNAc as substrate. The enzyme is active 
over a pH range of 6.3-7.2 with an optimum between 6.5-6.9. Inclusion of 
at least 0.1 mM Ca^ in the assay is required to obtain maximum enzyme 
acUvlty. The enzyme is inhlbrted 50% by 1 \iM EDTA and 100% by 25 jiM 
EDTA. This inhibition is completely reversed by the addition of 2 mM Ca^ 
but. not by 2 mM Mn^, Mg^*. Zn^ or Co^. The K„ of the recombinant 
enzyme Is 0.4 mM which Is similar that of the recombinant yeast a1,2- 
mannosidase (0.3 mM). 

The human a1 ,2-mannosidase is inhibited by the Class I a- 
mannosidase inhibitors, 1-deoxymannojirimycln (ICgo = 75 ^M) and 
kiflinensine (IC5o= 70 nM), but is insensitive to the Class II a-mannosidase 
inhibitor swainsonine (Table I). 

Table i 

Effect of a-mannosidase Inhibitors on the human a1 ,2-mannosidase 

activity 



inhibitor 


Activity* 


(% of controi) 


1 -deoxymannojirimycin 




10 


84 


50|xM 


62 


500 uM 


10 


l(ifunensine 




0.05 nM 


67 


0.10 ^M 


28 


0.50 nM 


0 


swainsonine 






100 




100 


100 uM 


100 



® Assay conditions are described In materials and methods. Activity is expressed as a 
percentage of pH]mannose released in the absence of inhibitors (226 dpm). 
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Specificity of the human a1 ,2-mannosidas 

The recombinant a1 ,2-mannosidase was Incubated with 
[^HJManeGlcNAc for different periods of time and IHPLC analysis showed 
that the only products formed are ManaGlcNAc and mannose In a time 
dependent manner (Fig. 4). [^HJMan^GicNAc was incubated with medium 
obtained from P.pastoris transformed with pZaASHM169 two days post- 
induction. Oligosaccharide product formation was monitored by HPLC as 
described in materials and methods and is expressed as a percentage of 
the total radioactivity recovered. 

Supplementing the incubation mixture with fresh enzyme after 8 
and 22.5 hours of incubation did not result in any further mannose 
trimming. The MangGlcNAc oligosaccharide formed was demonstrated to 
be isomer B by pHl-NMR analysis (Fig. 5). Spectrum at 600 MHz and 
30PC of the anomeric region of the Man^GlcNAc produced by the 
hydrolysis of MangGlcNAc by the specific human a1,2-mannosidase. The 
resonance corresponding to the anomeric proton of each mannose 
residue is numbered. Integral values for each of the anomeric protons, 
except GlcNAc, were obtained. The split resonance signal at 5.104 and 
5.075 ppm for residue 7 is characteristic of MangGlcNAc isomer B, 

Consistent with the strict specificity of this enzyme, MangGlcNAc 
isomer B and p-nitrophenyl-a-D-mannopyranoside are not substrates of 
the enzyme. Therefore this highly specific a1,2-mannosjdase is the human 
ortholog of the yeast processing ai;2-mannosidase that has been 
implicated in the targeting of misfolded glycoproteins for degradation 
(Knop et aL, 1996; Jakob et a/., 1998). Since there is evidence that N- 
glycan trimming by 1-deoxymannojirimycin and kifunensine-sensltive ER 
a1,2-mannosidase activity is also implicated in the degradation of 
misfolded glycoproteins in mammalian cells (Su et aL, 1993: Liu et aL, 
1997; Yang et aL, 1998; Liu et aL, 1999), it seems likely that the novel 
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human a1 ,2-mannosiclase we have cloned is involved in ER quality 
control, but this remains to be shown. 

The present invention will be more readily understood by 
refemng to the following examples which are given to illustrate the 
invention rather than to limit its scope. 

EXAMPLE I 

Possible approaches whereby cloning and expression of 
thisnew human a1 ,2-mannosidase can be used to design new specific 
inhibitors that might be developed for drug therapy of glycoprotein folding 
diseases: 

(1) use of recombinant enzyme for high throughput screening of naturally 
occurring compounds as potential specific inhibitors. 

(2) use of recombinant enzyme to test chemically synthesized derivatives 
of mannodeoxynojirimycin and kifunensine as potential specific inhibitors. 

(3) molecular modelling of the human mannosidase based on its amino 
acid sequence and the recently determined three-dimensional structure 
and identification of the active site of the yeast a1.2-mannosidase ortholog 
that has the same properties, specificity and function in degradation of 
misfolded glycoproteins. 

While the invention has been described in connection with 
specific embodiments thereof, it will be understood that it is capable of 
further modifications and this application is intended to cover any varia- 
tions, uses» or adaptations of the invention following, in general, the 
principles of the invention and including such departures firom the present 
disclosure as come within known or customary practice within the art to 
which the invention pertains and as may be applied to the essential 
features hereinbefore set forth, and as follows in the scope of the 
appended claims. 
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WHAT IS CLAIMED IS : 

1. A human a1.2-mannosidase enzyme for specifically converting 
MangGlcNAc to MansGlcNAc isomer B in degradation mechanism of 
misfolded proteins, wherein said enzyme has the characteristics of an 
enzyme encoded by a cDNA sequence set forth in Fig. 1 . 

2. An agonist or antagonist of the a1 .2-mannosidase enzyme of 
claim 1 for activating or inhibiting said enzyme. 

3. The agonist or antagonist of claim 2, wherein said activating or 
inhibiting is for a transient period of time. 

4. An antagonist of claim 2, wherein said inhibiting is for a transient 
period of time, thereby preventing degradation of misfolded glycoproteins. 

5. A method for the treatment of a genetic disease causing a 
misfolding of proteins in a patient, which comprises administering an 
antagonist of a1 ,2-mannosidase enzyme of claim 1 for translentiy 
inhibiting said enzyme, thereby preventing degradation of misfolded 
glycoproteins. 

6. The method of claim 5, wherein said genetic disease is selected 
from the group consisting of cystic fibrosis and emphysema. 

7. The method of claim 6, wherein for cystic fibrosis said misfolded 
protein is cystic fibrosis transmembrane conductance regulator (CFTR). 

8. The method of claim 6, wherein for emphysema said misfolded 
protein is alphal antitrypsin. 
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ABSTRACT OF THE INVENTION 



The present invention also relates to the use of the recombinant 
a1,2-mannosidase for the development of specific agonist or antagonist of 
the specific a1 ,2-mannosidase enzyme for specifically converting 
Mar^GlcNAc to ManeGlcNAc isomer B in degradation mechanism of 
misfolded proteins, wherein the enzyme has the characteristics of an 
enzyme encoded by a cDNA sequence set forth in Fig. 1 . The present 
invention also relates to an agonist or antagonist of the a1 ,2-mannosidase 
enzyme of claim 1 for activating or inhibiting the enzyme. The present 
invention also relates to a method for the treatment of genetic diseases 
resulting in misfolding of glycoproteins in a patient, which comprises 
p administering an antagonist of a1 ,2-mannosidase enzyme of claim 1 for 

P transiently inhibiting the enzyme, thereby stabilizing misfolded 

^ » glycoproteins and preventing their degradation. 
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